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ULTRASOUND IMAGING APPARATUS AND
METHOD FOR DISPLAYING ULTRASOUND
IMAGE

CROSS-REFERENCE TO RELATED 5
APPLICATION

The present application 1s a divisional application of U.S.
application Ser. No. 12/477,230, filed Jun. 3, 2009, now U.S.
Pat. No. 8,888,704 the entire contents of which are incorpo- 10

rated herein by reference. This application also claims prior-
ity to Japanese Application No. 2008-1516775, filed Jun. 10,

2008.

BACKGROUND OF THE INVENTION 15

1. Field of the Invention

The present mvention relates to an ultrasound imaging
apparatus that transmits ultrasound waves to the subject, gen-
erates an ultrasound 1mage based on reflected waves from the 20
subject and displays the ultrasound 1mage, and also relates to
a method for displaying an ultrasound image. In particular,
the present mvention relates to an ultrasound 1imaging appa-
ratus that obtains quantitative information of tissue shown in
an ultrasound 1mage, and also relates to a method for display- 25
ing an ultrasound 1mage.

2. Description of the Related Art

An ultrasound 1maging apparatus transmits ultrasound
waves to the subject and generates ultrasound image data
representing the morphology of tissue within the subject 30
based on reflected waves from the subject. An ultrasound
imaging apparatus according to a conventional art has a func-
tion of measuring the size of tissue such as a lesion site and
organ shown 1n an ultrasound 1mage. For example, the ultra-
sound 1maging apparatus 1s provided with a function of mea- 35
suring the distance between two points 1n tissue like a lesion
site, a function of measuring the perimeter of tissue, a func-
tion of measuring the area of tissue, etc.

In the abovementioned measurement functions, a measure-
ment marker called a measurement caliper 1s displayed onan 40
ultrasound 1image. This measurement caliper can be moved on
a screen with an input device such as a trackball. An operator
fits the position of the measurement caliper to the position of
a site to be measured shown 1n an ultrasound 1mage. The
ultrasound 1maging apparatus obtains a quantitative value by 45
measuring the size of tissue designated with the measurement
caliper. For example, 1t 1s possible to designate two points on
an ultrasound image with the measurement caliper to measure
the distance between the designated two points.

Further, a plurality of ultrasound 1mages may be displayed 50
side by side to measure the size ol a measurement target
shown 1n each of the ultrasound 1images. For example, in the
case of simultaneous display of two ultrasound 1mages, con-
ventionally, a measurement caliper 1s displayed on one of the
ultrasound 1mages, and the operator moves the measurement 55
caliper to the position of a measurement target to measure the
s1ze ol the measurement target shown 1n the one ultrasound
image. Next, the measurement caliper 1s displayed on the
other ultrasound 1mage, and the operator moves the measure-
ment caliper to the position of a measurement target to mea- 60
sure the size of the measurement target shown 1n the other
ultrasound 1mage. Thus, conventionally, the measurement 1s
executed by imndividually operating the measurement caliper
in each of the ultrasound 1images and designating a measure-
ment target shown in each of the ultrasound images. 65

Further, there 1s a known method of displaying a B-mode
image captured in the B-mode and an M-mode 1mage cap-

2

tured 1n the M-mode side by side to obtain the quantitative
value of a measurement target shown 1n the B-mode 1image in
a case that a measurement caliper 1s on the B-mode image
whereas obtain the quantitative value of a measurement target
shown 1n the M-mode 1n a case that the measurement caliper
1s on the M-mode 1image (Japanese Examined Patent Publi-
cation No. 62-4978).

Further, there 1s a method of simultaneously displaying
two ultrasound 1mages, and displaying a cursor 1n a desig-
nated position on one of the ultrasound images, whereas
displaying another cursor on the other ultrasound 1image in a
position corresponding to the designated position on the one
ultrasound 1mage (Japanese Unexamined Patent Publication
No. 11-221216).

However, 1n the case of simultaneously displaying a plu-
rality of ultrasound 1mages, 1t 1s ditficult for the operator to
grasp the positional relation between the images. Therefore, 1t
1s difficult for the operator to observe a plurality of ultrasound
images, move a measurement caliper to positions correspond-
ing to each other on the plurality of ultrasound 1mages, and
measure the size of measurement targets.

Further, by injecting a contrast agent into the subject and
imaging, 1t 1s possible to generate a contrast enhanced image
in which a site with the contrast agent injected 1s enhanced.
For example, by injecting a contrast agent into the subject and
imaging by Contrast Harmonic Imaging (CHI), it 1s possible
to generate a harmonic image based on harmonic waves.
Then, a body tissue 1mage representing the morphology of
body tissue and a contrast enhanced 1image obtained in con-
trast 1maging are simultaneously displayed. A body tissue
image shows, for example, the morphology of tumor. More-
over, a contrast enhanced i1mage shows a site with
microbubbles of a contrast agent injected 1s enhanced. Even
in the case of thus simultaneously displaying a body tissue
image and a contrast enhanced image, 1t 1s difficult for the
operator to grasp the positional relation between the tumor
shown 1n the body tissue 1image and the site with the contrast
agent 1njected shown 1n the contrast enhanced image. There-
fore, 1t 1s difficult for the operator to determine whether or not
the contrast agent 1s 1njected 1n the tumor based on the body
tissue 1mage and the contrast enhanced image. Besides, a
method of displaying the contrast enhanced 1image and the
body tissue 1mage 1n the superimposed state 1s known, but
there 1s a problem that contrast resolution (gradation)
decreases because the two 1mages are superimposed on each
other.

Additionally, when the contrast enhanced 1image 1s super-
imposed on the body tissue 1image, the body tissue 1mage 1s
hidden behind the contrast enhanced image. Therefore, it 1s
difficult for the operator to grasp the accurate positional rela-
tion between the site with the contrast enhanced image
injected and the tissue shown in the body tissue 1mage.

As described above, 1t 1s difficult for the operator to grasp
the 1mage positional relation between the body tissue 1image
and the contrast enhanced 1image. Therefore, 1t 1s difficult to
move the measurement caliper to the corresponding positions
on the body tissue 1mage and the contrast enhanced image to
designate the measurement targets.

Further, the abovementioned method described 1n Japa-
nese Examined Patent Publication No. 62-4978 1s amethod of
executing the measurement on the 1image with the measure-
ment caliper displayed of the B-mode image and the M-mode
image. Therefore, 1t 1s difficult for the operator to execute the
measurement by moving the measurement caliper to the cor-
responding positions on the plurality of ultrasound 1images.
Besides, in the method described 1n Japanese Unexamined
Patent Publication No. 11-221216, the measurement using
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the measurement caliper 1s not executed. Theretore, 1t 1s dii-
ficult to execute the measurement 1n the corresponding posi-
tions on the plurality of ultrasound 1mages.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide an ultra-
sound 1maging apparatus that can, in the case of simulta-
neously displaying a plurality of ultrasound images, specily
positions corresponding to each other on the plurality of
ultrasound 1mages and measure measurement targets in the
corresponding positions, and also provide a method for dis-
playing an ultrasound image.

A first aspect of the present invention i1s an ultrasound
imaging apparatus, comprising: an imaging part configured
to acquire a plurality of ultrasound 1mage data by sequentially
imaging a subject with ultrasound waves; and a display con-
troller configured to cause a display to display, side by side, a
plurality of ultrasound 1images based on the plurality of ultra-
sound 1mage data acquired by the imaging part and also cause
the display to display measurement markers for obtaiming
quantitative mformation of tissues shown in the ultrasound
images in a state superimposed on the plurality of ultrasound
images 1n relatively same positions.

According to the first aspect, by displaying a plurality of
ultrasound 1mages side by side and displaying measurement
markers 1n a state superimposed on the plurality ofultrasound
images 1n relatively same positions, it 1s possible to easily
specily positions corresponding to each other on the plurality
of ultrasound 1mages. Consequently, 1t 1s possible to measure
measurement targets 1n the corresponding positions on the
plurality of ultrasound 1images.

Further, a second aspect of the present invention 1s a
method for displaying an ultrasound image, comprising;:
acquiring a plurality of ultrasound image data by sequentially
imaging a subject with ultrasound waves; and displaying, side
by side, a plurality of ultrasound images based on the plurality
of ultrasound 1mage data having been acquired, and also
displaying measurement markers for obtaining quantitative
information of tissues shown in the ultrasound 1mages in a
state superimposed on the plurality of ultrasound 1images 1n
relatively same positions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an ultrasound imaging,
apparatus according to an embodiment of the present mven-
tion.

FI1G. 2 1s a view showing an example of a screen displaying
two tomographic 1images side by side.

FI1G. 3 1s a view showing an example of a screen displaying
measurement markers on a screen displaying two tomo-
graphic 1mages side by side.

FIG. 4 1s a view showing an example of a screen displaying,
measurement markers on a screen displaying two tomo-
graphic 1mages side by side.

FIG. 515 a view showing an example of a screen displaying
measurement markers on a screen displaying two tomo-
graphic 1mages side by side.

FI1G. 6 1s a view showing an example of a screen displaying
measurement markers on a screen displaying two tomo-
graphic 1mages side by side.

FI1G. 7 1s a view showing an example of a screen displaying,
measurement markers on a screen displaying two tomo-
graphic 1mages side by side.
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FIG. 8 1s a view showing an example of a screen displaying,
measurement markers on a screen displaying two tomo-
graphic 1mages side by side.

FIG. 9 1s a view showing an example of a screen displaying,
measurement markers on a screen displaying two tomo-
graphic 1mages side by side.

FIG. 10 1s a view showing an example of a screen display-
ing measurement markers on a screen displaying two tomo-
graphic 1mages side by side.

FIG. 11 1s a view of a screen displaying an example of
measurement markers.

FIG. 12 15 a view showing an example of a screen display-
ing measurement markers on a screen displaying a tomo-
graphic 1mage and a superimposed 1mage side by side.

FIG. 13 15 a view showing an example of a screen display-
ing measurement markers on a vertically reversed tomo-
graphic 1mage.

FIG. 14 15 a view showing an example of a screen display-
ing measurement markers on a horizontally reversed tomo-
graphic 1mage.

FIG. 15 15 a view showing an example of a screen display-
ing measurement markers on a screen displaying a body
tissue 1image and a harmonic 1mage side by side.

FIG. 16 1s a view showing an example of a screen display-
ing measurement markers on a screen displaying a body
tissue 1mage and a harmonic 1image side by side.

FIG. 17 1s a view showing an example of a screen display-
ing measurement markers on a screen displaying two tomo-
graphic 1mages side by side.

FIG. 18 15 a view showing an example of a screen display-
ing measurement markers on a screen displaying a body
tissue 1mage and a harmonic 1image side by side.

FIG. 19 15 a view showing an example of a screen display-
ing measurement markers on a screen displaying a body
tissue 1mage and a harmonic 1mage side by side.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

An ultrasound 1maging apparatus according to an embodi-
ment of the present invention will be described with reference
to FIG. 1. FIG. 1 1s a block diagram showing the ultrasound
imaging apparatus according to the embodiment of the
present invention.

An ultrasound imaging apparatus 1 according to this
embodiment includes an ultrasound probe 2, a transceiver 3,
a signal processor 4, a data storage 3, an1mage generator 6, an
image storage 7, a display controller 8, a measuring part 10, a
user mtertace (UI) 11, and an image processor 14.

As the ultrasound probe 2, a 1D array probe in which a
plurality of ultrasound transducers are aligned 1n a scanning
direction, or a 2D array probe in which a plurality of ultra-
sound transducers are two-dimensionally arranged 1s used.
Alternatively, a mechanical 1D array probe capable of scan-
ning a three-dimensional region by mechanically oscillating,
ultrasound transducers 1n a direction (an oscillating direction)
orthogonal to the scanning direction may be used as the
ultrasound probe 2.

The transceiver 3 includes a transmitter and a recerver. The
transcerver 3 supplies electric signals to the ultrasound probe
2 to make the ultrasound probe 2 generate ultrasound waves,
and recerves echo signals recerved by the ultrasound probe 2.

The transmitter of the transceiver 3 includes a clock gen-
eration circuit, a transmission delay circuit, and a pulsar cir-
cuit, which are not shown in the drawings. The clock genera-
tion circuit generates clock signals that determine the
transmission timing and transmission frequency of ultra-
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sound signals. The transmission delay circuit executes trans-
mission focus by applying a delay at the time of transmission
of ultrasound waves. The pulsar circuit has a corresponding
number of pulsars to the number of individual channels for
the respective ultrasound transducers. The pulsar circuit gen-
crates a driving pulse at the delayed transmission timing and
supplies an electric signal to each of the ultrasound transduc-
ers of the ultrasound probe 2.

Further, the recerver of the transcerver 3 includes a pream-
plifier circuit, an A/D conversion circuit, a reception delay
circuit, and an adder circuit. The preamplifier circuit ampli-
fies, for each reception channel, the echo signals outputted
from the respective ultrasound transducers of the ultrasound
probe 2. The A/D conversion circuit executes A/D conversion
on the amplified echo signals. The reception delay circuit
applies a delay time necessary for determining the reception
directionality to the echo signals after the A/D conversion.
The adder circuit adds the echo signals to which the delay
time has been applied. By the adding, reflection components
from a direction corresponding to the reception directionality
are enhanced. The signals added by the transceiver 3 will be
referred to as “RF data.”

The signal processor 4 includes a B-mode processor. The
B-mode processor visualizes echo amplitude information and
generates B-mode ultrasound raster data from the echo sig-
nals. To be specific, the B-mode processor executes the Band
Pass Filter process on reception signals sent from the trans-
ceiver 3, and thereatfter, detects the envelope of output signals.

Then, the B-mode processor executes the compression pro-
cess by logarithmic transformation on the detected data,
thereby visualizing the echo amplitude information.

Further, the signal processor 4 may include a Doppler
processor. The Doppler processor, for example, executes
quadrature detection on reception signals sent from the trans-
ceiver 3 to dertve Doppler shift frequency components, and
executes the FFT (Fast Fourier Transform) process to gener-
ate a Doppler frequency distribution representing the blood-
flow rate.

Furthermore, the signal processor 4 may include a CFM
(Color Flow Mapping) processor. The CFM processor visu-
alizes blood-flow i1nformation, and generates color ultra-
sound raster data. The blood-flow information includes infor-
mation such as velocity, distribution and power, and the
blood-tlow information 1s obtained as binary information.

The reception signals outputted from the transceiver 3 are
processed by any processor. The signal processor 4 outputs
the ultrasound raster data after the signal processing to the
data storage 5.

The data storage 5 1s composed of a storage device such as
a memory and a hard disk drive. The data storage 5 stores the
ultrasound raster data generated by the signal processor 4.

The image generator 6 reads the ultrasound raster data after
the signal processing from the data storage 3, and converts the
data after the signal processing to coordinate data based on
the spatial coordinate system (digital scan conversion). For
example, the image generator 6 executes the scan conversion
process on the data after the signal processing outputted from
the B-mode processor, thereby generating B-mode image
data representing the morphology of tissue of the inside of the
subject. As an example, scan of a two-dimensional cross
section (a scan plane) with ultrasound waves 1s executed by
the ultrasound probe 2 and the transceiver 3, and the 1image
generator 6 generates B-mode image data (referred to as
“tomographic 1image data” hereinafter) that two-dimension-
ally represents the morphology of tissue 1n the cross section.
The image generator 6 outputs the tomographic image data to
the 1mage storage 7 and the display controller 8.
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The 1mage storage 7 1s composed of a storage device such
as a memory and a hard disk, and stores the tomographic
image data generated by the image generator 6. Moreover, the
image storage 7 attaches a time when each of the tomographic
image data has been acquired as attached information to each
tomographic data and stores each of the tomographic image
data.

Moreover, 1n the case of acquiring an ECG (Electrocardio-
gram) wavelorm of the subject by using an electrocardio-
graph (not shown), a controller (not shown) receives the ECG
wavelorm Irom outside the ultrasound 1imaging apparatus 1.
Then, the not-shown controller causes the image storage 7 to
store tomographic 1image data so as to be associated with a
time phase received at the timing of acquisition of the tomo-
graphic 1mage data.

The display controller 8 receives the tomographic 1mage
data outputted from the 1mage generator 8 and causes a dis-
play 12 to display a tomographic image based on the tomo-
graphic image data. Moreover, the display controller 8 reads
the tomographic image data stored 1n the image storage 7 and
causes the display 12 to display a tomographic image based
on the tomographic image data.

The user interface (UI) 11 includes the display 12 and an
operation part 13. The display 12 1s composed of a monitor
such as a CRT and a liquid crystal display. On the screen of the
display 12, an ultrasound 1mage such as a tomographic image
and a three-dimensional 1mage 1s displayed. The operation
part 13 1s composed of a pointing device such as a mouse and
a trackball, a switch, various buttons, a keyboard, or a TCS
(Touch Command Screen).

The ultrasound probe 2, the transcerver 3, the signal pro-
cessor 4 and the image generator 6 compose an example of an
“1maging part” of the present invention. Moreover, the image
storage 7 1s equivalent to an example of an “1mage storage™ of
the present invention. Moreover, the display controller 8 1s
equivalent to an example of a “display controller” of the
present invention. Moreover, the operation part 13 1s equiva-
lent to an example of an “operation part” of the present
ivention.

Further, volume scan may be executed by the ultrasound
probe 2 and the transceiver 3. In this case, the signal processor
4 outputs volume data acquired 1n the volume scan to the data
storage 5, and the data storage 3 stores the volume data. The
image generator 6 reads the volume data from the data storage
5 and executes volume rendering on the volume data, thereby
generating three-dimensional 1image data that three-dimen-
sionally represents tissue of the inside of the subject. Alter-
natively, the image generator 6 may execute the MPR (Multi
Planar Reconstruction) process on the volume data, thereby
generating 1image data (MPR 1image data) in an arbitrary cross
section.

(Display of a Plurality of Images)

In this embodiment, the display controller 8 causes the
display 12 to sitmultaneously display, side by side, a plurality
of tomographic 1images based on a plurality of tomographic
image data. For example, sequential scan of one cross section
of the subject 1s executed by the ultrasound probe 2 and the
transceiver 3, and the 1image generator 6 sequentially gener-
ates tomographic image data in the cross section. Then, when
the operator designates a desired time phase by using the
operation part 13, the display controller 8 reads tomographic
image data acquired in the designated time phase from the
image storage 7 and causes the display 12 to display a tomo-
graphic 1image based on the tomographic image data. As an
example, when the operator designates two desired time
phases by using the operation part 13, the display controller 8
reads two tomographic 1image data acquired in the two des-
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1gnated time phases from the 1mage storage 7, and causes the
display 12 to simultaneously display two tomographic
images side by side. For example, when receiving an mstruc-
tion for displaying a plurality of images from the operation
part 13, the display controller 8 splits the screen of the display
12 into a plurality of regions, and causes each of the split
regions to display a tomographic image.

As an example, 1n the case of displaying two 1mages side by
s1de, the display controller 8 splits the screen of the display 12
into two regions. Then, the display controller 8 causes the
display 12 to display a tomographic image in each of the split
regions.

Here, an example of an ultrasound 1mage displayed on the
display 12 will be shown 1n FIG. 2. FIG. 2 1s a view showing
an example of a screen displaying two tomographic 1images
side by side. As shown 1n FIG. 2, the display controller 8
causes the display 12 to simultanecously display a tomo-
graphic image 100 and a tomographic image 200 side by side.
For example, the tomographic image 100 and the tomo-
graphic 1image 200 are images generated by scanning one
cross section of the subject and acquired at different times.
(Contrast Imaging)

Further, a plurality of ultrasound images captured in a state
that a contrast agent 1s 1njected 1n the subject may be simul-
taneously displayed side by side. For example, 1n a state that
a contrast agent 1s 1njected 1n the subject, the inside of the
subject 1s scanned by the ultrasound probe 2 and the trans-
ceiver 3. Then, the image generator 6 generates harmonic
image data based on harmonic components of the reception
signals by the Contrast Harmonic Imaging (CHI) method.
Besides, the image generator 6 generates body tissue image
data representing body tissue based on fundamental compo-
nents of the reception signals. A harmonic 1image shows a site
in which microbubbles of the contrast agent are injected 1s
enhanced. On the other hand, a body tissue 1mage shows the
morphology of each site, the morphology of a lesion site such
as tumor, or the like. Then, sequential scan of one cross
section of the subject 1s executed by the ultrasound probe 2
and the transceiver 3, and the image generator 6 sequentially
generates the body tissue image data and the harmonic 1mage
data 1n the cross section. The body tissue 1image data and the
harmonic 1mage data generated by the 1image generator 6 are
stored mto the image storage 7. The display controller 8
receives the body tissue 1mage data and the harmonic 1image
data outputted from the image generator 6, and causes the
display 12 to simultanecously display, side by side, a body
tissue 1mage based on the body tissue 1mage data and a har-
monic 1mage based on the harmonic 1mage data. Moreover,
when the operator designates a desired time phase by using,
the operation part 13, the display controller 8 reads, from the
image storage 7, the body tissue 1image data and the harmonic
image data acquired 1n the designated time phase, and causes
the display 12 to simultaneously display the body tissue
image and the harmonic 1image side by side. The harmonic
image data 1s equivalent to an example of “contrast-agent
image data” of the present invention.

(Measurement Marker)

The display controller 8 causes the display 12 to display a
measurement marker (a measurement caliper) on an ultra-
sound 1image. This measurement marker 1s used for obtaining
quantitative mformation of tissue shown 1n an ultrasound
image. Plural types of measurement markers are prepared
depending on the intended use of measurement, and data
representing a measurement marker having an initial shape
and an 1nitial size 1s previously stored 1n a setting-information
storage 9. For example, a measurement marker for measuring
the distance between two points, a measurement marker for
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measuring the perimeter of a site, a measurement marker for
measuring the area of a site, etc. are prepared. Data represent-
ing these measurement markers are previously stored in the
setting-information storage 9.

The display controller 8 causes the display 12 to display the
measurement markers 1n a state superimposed on a plurality
of ultrasound images 1n relatively the same positions. By
operating the operation part 13, the operator can move the
measurement marker to a desired position on the screen of the
display 12. For example, when the operator moves the mouse
or the trackball, the display controller 8 recerves information
representing the movement amount thereof from the opera-
tion part 13 and controls to display the measurement marker
1n a position according to the movement amount on the screen
of the display 12.

Here, as an example, a measurement marker for measuring,
the distance between two points will be described with refer-
ence to FIGS. 3 through 10. FIGS. 3 through 10 are views
showing an example of a screen displaying the measurement
marker on a screen displaying two tomographic images side
by side.

The display controller 8 reads data representing the mea-
surement marker of an 1nitial state from the setting-informa-
tion storage 9 and controls to display the measurement marker
in an i1mtial position on the screen of the display 12. For
example, as shown 1n FIG. 3, the display controller 8 splits a
region on the screen of the display 12 into a first display
region 120 and a second display region 220. Then, the display
controller 8 controls to display the tomographic image 100
within the first display region 120 and controls to display the
tomographic image 200 within the second display region 220.

Besides, the display controller 8 controls to display a first
measurement marker 110 1n the middle of the first display
region 120 for displaying the tomographic image 100. The
display controller 8 also controls to display a second mea-
surement marker 210 in the middle of the second display
region 220 for displaying the tomographic image 200. The
first display region 120 1s a range 1n which the first measure-
ment marker 110 can move, and the second display region
220 1s a range 1n which the second measurement marker 210
can move. As an example, each of the first measurement
marker 110 and the second measurement marker 210 1s com-
posed of a major marker (a major caliper) and a minor marker
(a minor caliper), which have cross shapes. The major marker
1s a marker for designating the start point of the two points,
and the minor marker 1s a marker for designating the end
point.

Then, by using the operation part 13, the operator desig-
nates either the first measurement marker 110 or the second
measurement marker 210 and moves the designated measure-
ment marker. For example, the operator designates the first
measurement marker 110 by using the operation part 13 and
moves the first measurement marker 110. The display con-
troller 8 receives information representing the movement
amount from the operation part 13 and controls to display the
first measurement marker 110 in a position according to the
movement amount within the first display region 120. It 1s
preferred that the display controller 8 causes the display 12 to
display a measurement marker designated by the operator so
as to be distinguishable from the other measurement marker.
For example, it 1s preferred that the display controller 8 causes
the display 12 to display a measurement marker designated by
the operator with color or size different from that of the other
measurement marker. In the example shown 1n FIG. 3, the
display controller 8 can cause the display 12 to display the
first measurement marker 110 with color or size different
from that of the second measurement marker 210.
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Consequently, the operator can recognize a measurement
marker to be operated and can recognize an 1mage on which
the measurement marker to be operated 1s displayed.

Furthermore, the display controller 8 controls to display
the second measurement marker 210 1n relatively the same
position as the first measurement marker 110 within the sec-
ond display region 220. For example, as shown in FIG. 4, the
display controller 8 controls to display the first measurement
marker 110 and the second measurement marker 210 1n rela-
tively the same positions within the first display region 120
and the second display region 220, respectively.

For example, with reference to the coordinate system on
the screen of the display 12, the display controller 8 controls
to display the first measurement marker 110 and the second
measurement marker 120 1n relatively the same positions
within the first display region 120 and the second display
region 220, respectively. That 1s, the display controller 8
specifies the position of the first measurement marker 110
within the first display region 120 and controls to display the
second measurement marker 210 in relatively the same posi-
tion as the specified position, within the second display region
220.

Alternatively, with reference to the coordinate system on
the real space in which the tomographic image 100 and the
tomographic image 200 have been acquired, the display con-
troller 8 may control to display the first measurement marker
110 and the second measurement marker 210, respectively, 1n
relatively the same positions on the real space within the first
display region 120 and the second display region 220. That 1s,
the display controller 8 specifies the position on the real space
of the first measurement marker 110 on the tomographic
image 100 and controls to display the second measurement
marker 210 1n a position on the tomographic image 200
corresponding to a position on the real space that 1s relatively
the same as the position on the real space of the first measure-
ment marker 110.

For example, the display controller 8 specifies the position
on the real space of the first measurement marker 110 1n
accordance with the movement amount outputted from the
operation part 13. Besides, the display controller 8 specifies,
in the split region on the screen, a position corresponding to
the position on the real space of the first measurement marker
110 and controls to display the first measurement marker 110
in the specified position. In other words, the display controller
8 specifies, within the first display region 120, a position
corresponding to the position on the real space of the first
measurement marker 110 and controls to display the first
measurement marker 110 in the specified position. In addi-
tion, the display controller 8 controls to display, within the
second display region 220, the second measurement marker
210 1n a position that 1s relatively the same as the position on
the real space of the first measurement marker 110.

To be specific, the display controller 8 controls to display
the first measurement marker 110 and the second measure-
ment marker 210 on the tomographic image 100 and the
tomographic 1mage 200, in equal positions (depths) in the
depth direction and equal positions in the scanning direction.

By thus displaying the measurement markers with refer-
ence to the coordinate system on the real space, even 1f con-
ditions such as the depth of transmaission of ultrasound waves,
the width of scan and the magnification of an 1mage are
different among a plurality of ultrasound images, 1t 1s possible
to display the measurement markers 1n relatively the same
positions on the plurality of ultrasound 1images. For example,
even 1f the size and magnification of an 1mage, etc. are dii-
ferent between the tomographic image 100 and the tomo-
graphic image 200, 1t 1s possible to display the measurement
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markers in relatively the same positions on the tomographic
image 100 and the tomographic image 200 by displaying the
measurement markers with reference to the coordinate sys-
tem on the real space.

Then, the operator moves the first measurement marker
110 to a desired position by using the operation part 13 and
fixes the position of a first major marker 111 constituting the
first measurement marker 110. For example, as shown in FIG.
5, the display controller 8 moves the first major marker 111
constituting the first measurement marker 110 to the desig-
nated position 1n accordance with the movement amount out-
putted from the operation part 13, and controls to display 1t on
the display 12. Then, the display controller 8 fixes the first
major marker 111 1n a position of the movement destination
in accordance with the instruction for fixing the position by
the operation part 13, and controls to display it on the display
12. Besides, the display controller 8 fixes, within the second
display region 220, a second major marker 211 constituting
the second measurement marker 210 1n relatively the same
position as the first major marker 111, and controls to display
the second major marker 211.

At this point, 1t 1s possible to freely move a first minor
marker 112 constituting the first measurement marker 110
and a second minor marker 212 constituting the second mea-
surement marker 210. The operator moves the first minor
marker 112 constituting the first measurement marker 110 to
a desired position by using the operation part 13. In accor-
dance with the movement amount outputted from the opera-
tion part 13, the display controller 8 moves the first minor
marker 112 to a designated position and controls to display 1t
on the display 12. At this moment, the display controller 8
controls to display the second minor marker 212 constituting
the second measurement marker 210 1n relatively the same
position as that of the first minor marker 112 within the
second display region.

Coordinate mnformation representing the position of the
first major marker and coordinate information representing
the position of the first minor marker are outputted from the
display controller 8 to the measuring part 10.

For example, coordinate information representing the posi-
tion on the real space of the first major marker and coordinate
information representing the position of the first minor
marker are outputted from the display controller 8 to the
measuring part 10.

(Measuring Part 10)

The measuring part 10 obtains quantitative information of
tissue designated by the measurement marker. In the case of
obtaining the distance between two points, the measuring part
10 recerves, from the display controller 8, coordinate infor-
mation representing the position on the real space of the first
major marker 111 and coordinate information representing
the position of the first minor marker 112, and obtains the
distance between the first major marker 111 and the first
minor marker 112. For example, the measuring part 10
obtains the length of a line between the first major marker 111
and the first minor marker 112. Alternatively, the measuring
part 10 may obtain the length of a curve between the first
major marker 111 and the first minor marker 112. In the case
of obtaining the length of the curve, the measuring part 10, for
example, sets a spline curve between the first major marker
111 and the first minor marker 112 and obtains the length of
the spline curve. Then, the measuring part 10 outputs the
measurement value to the display controller 8. For example,
the measuring part 10 outputs, to the display controller 8,
information representing the length of a line between the first
major marker 111 and the first minor marker 112. The display
controller 8 receives the measurement value from the mea-
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suring part 10 and controls to display the measurement value
on the display 12. For example, as shown in FIG. 5, the
display controller 8 controls to display the measurement
value 1n a display field A. Since the distance between two
points 1s measured as an example, the distance between the
first major marker 111 and the first minor marker 112 1is
displayed as the measurement value (Dist A: 59.2 mm) on the
display 12. The measuring part 10 1s equivalent to an example
of a “measuring part” of the present invention.

Further, by using the operation part 13, the operator can
move the first minor marker 112 and the second minor marker
212 to desired positions. The measuring part 10 receives
coordinate information representing the movement destina-
tion position of the first minor marker 112 from the display
controller 8 and newly obtains the distance between the first
major marker 111 and the first minor marker 112. The display
controller 8 controls to display the newly obtained distance
between the two points on the display 12. Thus, as the first
minor marker 112 (the second minor marker 212) 1s moved,
the measuring part 10 newly obtains the distance between the
first major marker 111 and the first minor marker 112, and the
display controller 8 controls to display the new distance on
the display 12.

The second major marker 211 constituting the second mea-
surement marker 210 1s displayed in the same position on the
real space as the first major marker 111. Moreover, the second
minor marker 212 constituting the second measurement
marker 210 1s displayed 1n the same position on the real space
as the first minor marker 112. Consequently, the distance
between the second major marker and the second minor
marker 1s equal to the distance between the first major marker
and the first minor marker. Therefore, the measuring part 10
can recerve, from the display controller 8, either the coordi-
nate information of the first measuring marker 110 or the
coordinate information of the second measuring marker 210,
thereby obtaining the distance between two points.

Then, the operator fixes the position of the first minor
marker 112 constituting the first measurement marker 110 by
using the operation part 13.

In accordance with the instruction for fixing the position by
the operation part 13, the display controller 8 fixes the first
minor marker 112 and the second minor marker 212 in the
movement destination positions and controls to display on the
display 12. Then, the display controller 8 controls to display
the measurement value obtained by the measuring part 10 in
a display field B as shown 1n FIG. 6.

The display controller 8 may generate a linear marker
connecting the major marker and the minor marker and cause
the display 12 to display the linear marker between the major
marker and the minor marker. For example, as shown in FIGS.
5 and 6, the display controller 8 controls to display a linear
marker connecting the first major marker 111 and the first
minor marker 112 between the first major marker 111 and the
first minor marker 112. The display controller 8 also controls
to display a linear marker connecting the second major
marker 211 and the second minor marker 212 between the
second major marker 211 and the second minor marker 212.

Alternatively, 1t 1s possible to configure to rotate a mea-
surement marker. When the operator designates a measure-
ment marker and gives an istruction for rotating by using the
operation part 13, the display controller 8, in accordance with
the instruction for rotating, rotates the measurement marker
about a predetermined axis and controls to display on the
display 12.

For example, the operator designates the first measurement
marker 110 by using the operation part 13, and rotates the first
measurement marker 110 1 the X direction as shown 1n FIG.
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7. In accordance with the rotation amount outputted from the
operation part 13, the display controller 8 rotates the first
measurement marker 110 1n the X direction and controls to
display on the display 12. At this moment, 1n accordance with
the rotation amount, the display controller 8 rotates the sec-
ond measurement marker 210 1n the X direction in the same
manner as the first measurement marker 110 and controls to
display on the display 12. When the measurement marker 1s
thus rotated and a new position 1s designated, coordinate
information representing the position of the first major
marker 111 and coordinate information representing the posi-
tion of the first minor marker 112 after rotation are outputted
to the measuring part 10. The measuring part 10 obtains the
distance between the first major marker 111 and the first
minor marker 112 after rotation, and the display controller 8
controls to display the distance on the display 12.

Further, 1t 1s possible to configure so that the position of the
measurement marker can be corrected aifter the first measure-
ment marker 110 and the second measurement marker 210 are
fixed and displayed. In this case, when the operator instructs
correction of the measurement marker by using the operation
part 13, a signal representing the instruction 1s outputted to
the display controller 8. The display controller 8 receives the
instruction and causes the display 12 to display a cursor for
designating the measurement marker to be corrected. Data
representing this cursor i1s previously stored in the setting-
information storage 9. For example, as shown 1n FIG. 8, the
display controller 8 controls to display a cursor P within an
image region 300 including the tomographic image 100 and
the tomographic 1mage 200. The cursor P can be moved
within the image region 300.

The operator moves the cursor P by using the operation part
13 and designates a marker whose position 1s to be changed.
For example, as shown in FIG. 9, when the operator desig-
nates the second minor marker 212 with the cursor P by using
the operation part 13, the second minor marker 212 and the
first minor marker 112 corresponding to the second minor
marker 212 are set into the display controller 8 as movable
markers. The display controller 8 causes the display 12 to
display the second minor marker 212 designated with the
cursor P so as to be distinguishable from the other markers.
For example, the display controller 8 causes the display 12 to
display the second minor marker 212 1n different color from
the other markers. By thus displaying a marker designated
with the cursor P so as to be distinguishable from the other
markers, 1t 1s possible to make the operator grasp a marker
that 1s a correction target and 1s movable. Moreover, the
display controller 8 may cause the display 12 to display the
first minor marker 112 corresponding to the second minor
marker 212 1n different color.

Then, as shown 1n FI1G. 10, the operator moves the second
minor marker 212 (the first minor marker 112) to a desired
position by using the operation part 13. In accordance with
the movement amount outputted from the operation part 13,
the display controller 8 moves the second minor marker 212
to a designated position and controls to display on the display
12. At this moment, the display controller 8 controls to dis-
play the first minor marker 112 1n relatively the same position
as the second minor marker 212, within the first display
region. When the position of the first measurement marker
110 (the second measurement marker 210) 1s newly desig-
nated 1n this manner, coordinate information representing the
position of the first major marker 111 and coordinate 1nfor-
mation representing the position of the first minor marker 112
are outputted from the display controller 8 to the measuring
part 10. The measuring part 10 newly obtains the distance
between the first major marker 111 and the first minor marker
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112, and the display controller 8 controls to display the dis-
tance as the measurement value in the display field A.
(Another Example of Measurement Marker)

Other than a measurement marker for measuring the dis-
tance between two points, various measurement markers may
be used. For example, 1t 1s possible to use a measurement
marker having a circular shape, an elliptical shape, a rectan-
gular shape, a mesh shape, a triangular shape, or any curved
shape. Measurement markers with initial shapes are previ-
ously stored in the setting-information storage 9 and, when
the operator selects a desired measurement marker by using,
the operation part 13, the display controller 8 causes the
display 12 to display the selected measurement marker.
Besides, the measurement marker 1s configured so that the
operator can arbitrarily change the size thereof other than the
position thereof by using the operation part 13. Here, an
example of the measurement marker will be described with
reference to FIG. 11. FIG. 11 1s a view of a screen showing an
example of the measurement marker.

(Measurement Marker for Obtaining Angle

Fog example, the display controller 8 causes the display 12
to display a first measurement marker 133 and a second
measurement marker 233, which are two linear markers
crossing each other, 1n a state superimposed on the tomo-
graphic image 100 and the tomographic image 200, respec-
tively. When the operator moves the first measurement
marker 133 to a desired position on the tomographic image
100 by using the operation part 13, the display controller 8, 1n
accordance with the movement amount outputted from the
operation part 13, moves the first measurement marker 133 to
a designated position and controls to display on the display
12. The display controller 8 controls to display the second
measurement marker 233 1n relatively the same position as
the first measurement marker 133, on the tomographic image
200.

Moreover, when the operator changes the angle formed by
the two markers composing the first measurement marker 133
by using the operation part 13, the display controller 8, in
accordance with an angle designated by the operation part 13,
changes the angle formed by the two markers composing the
first measurement marker 133 and the angle formed by the
two markers composing the second measurement marker
233, and controls to display on the display 12. The measuring
part 10 receives coordinate mformation of the two linear
markers composing the first measurement marker 133 from
the display controller 8, and obtains an angle at which the two
linear markers cross each other. The display controller 8
causes the display 12 to display the angle as the measurement
value.

(Circular Measurement Marker)

Further, the display controller 8 may cause the display 12 to
display a first measurement marker 134 and a second mea-
surement marker 234, which have circular shapes, on the
tomographic 1mage 100 and the tomographic image 200,
respectively. When the operator moves the first measurement
marker 134 to a desired position on the tomographic image by
using the operation part 13, the display controller 8, 1n accor-
dance with the movement amount outputted from the opera-
tion part 13, moves the first measurement marker 134 to the
designated position, and controls to display on the display 12.
At this moment, the display controller 8 controls to display
the second measurement marker 234 1n relatively the same
position as the first measurement marker 134 on the tomo-
graphic image 200. Moreover, when the operator changes the
s1ze of the first measurement marker 134 by using the opera-
tion part 13, the display controller 8, 1n accordance with the
s1ze designated by the operation part 13, changes the size of
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the first measurement marker 134 and the size of the second
measurement marker 234, and controls to display on the
display 12. The measuring part 10 receives coordinate infor-
mation of the first measurement marker 134 from the display
controller 8, and obtains the perimeter of a circle indicated by
the first measurement marker 134 and the area of the inside of
the circle. The display controller 8 causes the display 12 to
display the perimeter and the area as the measurement values.
For example, by surrounding a site to be measured with a
circular measurement marker, 1t 1s possible to obtain the
perimeter and area of the site.

(Measurement Marker Having Arbitrary Shape)

Further, the display controller 8 may cause the display 12 to
display a first measurement marker 135 and a second mea-
surement marker 235, which surround desired ranges and
have arbitrary shapes, on the tomographic image 100 and the
tomographic image 200, respectively. For example, when the
operator designates an arbitrary shape surrounding a desired
range on the tomographic image 100 by using the operation
part 13, the display controller 8 causes the display 12 to
display the first measurement marker 135 having a shape
designated by the operation part 13, on the tomographic
image 100.

Moreover, the display controller 8 controls to display, on
the tomographic image 200, the second measurement marker
235 having the same shape as the shape of the first measure-
ment marker 135 1n relatively the same position as the first
measurement marker 135. The measuring part 10 receives
coordinate information of the first measurement marker 133
from the display controller 8, and obtains the perimeter of the
shape 1indicated by the first measurement marker 135 and the
area of the inside of the shape. The display controller 8 causes
the display 12 to display the perimeter and the area as the
measurement values. By thus using a measurement marker
having an arbitrary shape, 1t 1s possible to designate a desired
range on a tomographic image and obtain the perimeter and
area of the range. For example, by surrounding a site to be
measured having a complicated shape with this measurement
marker, 1t 1s possible to obtain the perimeter and area of the
site.

Further, 1n a case that the distance between two points 1s to
be obtained by using a first measurement marker 131 (a
second measurement marker 231) having a major marker and
a minor marker, the measuring part 10 may set a spline curve
between the two points and obtain the length of the spline
curve. Moreover, also 1n a case that the distance between two
points composing a first measurement marker 132 (a second
measurement marker 232) 1s to be obtained, the measuring
part 10 may set another spline curve between the two points
and obtain the length of the spline curve. In a case that a spline
curve 1s thus set, the display controller 8 controls to display a
marker representing the shape of the spline curve between the
major marker and the minor marker.

(Superimposed Image of B-Mode Image and Color Doppler
Image)

Further, a measurement marker may be displayed on a
superimposed 1mage in which a B-mode 1image obtained by
imaging 1n the B-mode and a color Doppler image obtained
by 1maging 1n the color Doppler mode are superimposed on
cach other. An example of a superimposed 1mage on which
the measurement marker 1s superimposed 1s shown in FIG.
12. FIG. 12 1s a view showing an example of a screen dis-
playing a measurement marker on a screen displaying a tomo-
graphic 1image and a superimposed 1image side by side. The
display controller 8 causes the display 12 to display a tomo-
graphic image 400 obtained by imaging 1in the B-mode. More-
over, the display controller 8 causes the display 12 to display
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a superimposed 1image in which a tomographic 1mage 410
obtained by imaging in the B-mode and a color Doppler
image 430 obtained by imaging in the color Doppler mode.
Then, as 1n the aforementioned process, the display controller
8 causes the display 12 to display the first measurement
marker 110 1n a state superimposed on the tomographic image
400 and display the second measurement marker 210 1n rela-
tively the same position as the first measurement marker 110
on the superimposed 1image. Also 1n this case, the measuring
part 10 obtains the distance between two points designated by
the first measurement marker 110, and the display controller

8 controls to display the distance as the measurement value 1n
the display field B.
(Display of Measurement Marker on Reversed Image)

Further, one of the two ultrasound 1images displayed on the
display 12 may be reversed horizontally or vertically to be
displayed. In this case, the display controller 8 controls to
display the measurement markers 1n relatively the same posi-
tions on the two ultrasound 1mages, respectively, with refer-
ence to the coordinate system on the real space. A vertically
reversed ultrasound 1mage 1s shown in FIG. 13. FIG. 13 1s a
view showing an example of a screen displaying a measure-
ment marker on the vertically reversed tomographic image.

As shown 1 FIG. 13, the display controller 8 causes the
display 12 to simultaneously display a tomographic image
500 and a tomographic image 520 side by side. Here, the
display controller 8 vertically reverses the tomographic
image 500 with respect to the tomographic 1image 520, and
causes the display 12 to display the tomographic image 500
and the tomographic image 520. On the screen of the display
12, the upper portion of the tomographic 1image 520 1s shal-
lower, and the lower portion of the tomographic image 520 1s
deeper. On the other hand, the upper portion of the tomo-
graphic image 500 1s deeper, and the lower portion thereof 1s
shallower.

In this case, the display controller 8 controls to display the
measurement markers 1n relatively the same positions on the
real space on the tomographic image 300 and the tomo-
graphic 1mage 520. For example, the operator designates, by
using the operation part 13, the positions of a first major
marker 511 and a {irst minor marker 512 composing a first
measurement marker 510. The display controller 8 controls to
display the first major marker 511 and the first minor marker
512 1n the positions designated with the operation part 13 on
the tomographic image 500. Moreover, the display controller
8 specifies the position on the real space of the first measure-
ment marker 510 on the tomographic 1image 500. Then, the
display controller 8 controls to display a second measurement
marker 530 1n a position on the tomographic image 520
corresponding to relatively the same position on the real
space as the position on the real space of the first measure-
ment marker 510.

To be specific, the display controller 8 controls to display a
second major marker 531 in a position on the tomographic
image 520 corresponding to the same depth on the real space
as the depth of the first major marker 511 shown on the
tomographic 1mage 300. Moreover, the display controller 8
controls to display the second major marker 531 in a position
on the tomographic image 520 corresponding to the same
position in the scanning direction on the real space as the
position 1n the scanning direction of the first major marker
511 shown on the tomographic image 500. Similarly, the
display controller 8 controls to display a first minor marker
512 and a second minor marker 532 1n the same positions on
the real space on the tomographic 1mage 500 and the tomo-
graphic 1mage 520.
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Then, the measuring part 10 receives coordinate informa-
tion representing the position on the real space of the first
measurement marker 510 from the display controller 8, and
obtains the distance between the first major marker 511 and
the first minor marker 512 as the measurement value.

The display controller 8 controls to display the measure-
ment value 1n the display field B of the display 12.

Further, for a horizontally reversed ultrasound image, 1t 1s
possible to obtain quantitative information 1n the same man-
ner as for the vertically reversed ultrasound 1mage. The hori-
zontally reversed ultrasound image 1s shown in F1G. 14. FIG.
14 1s a view showing an example of a screen displaying a
measurement marker on the horizontally reversed tomo-
graphic 1mage.

As shown 1n FIG. 14, the display controller 8 controls to
simultaneously display a tomographic image 600 and a tomo-
graphic 1mage 620 side by side on the display 12. For
example, the display controller 8 horizontally reverses the
tomographic 1image 600 with respect to the tomographic
image 620, and controls to display the tomographic 1image
600 and the tomographic image 620 on the display 12.

Also 1 this case, the display controller 8 controls to display
measurement markers 1n relatively the same positions on the
real space on the tomographic image 600 and the tomo-
graphic image 620. For example, the operator designates, by
using the operation part 13, the positions of a first major
marker 611 and a first minor marker 612 composing a first
measurement marker 610. The display controller 8 controls to
display the first major marker 611 and the first minor marker
612 1n the positions designated with the operation part 13 on
the tomographic image 600. Moreover, the display controller
8 specifies the position on the real space of the first measure-
ment marker 610 on the tomographic 1image 600. Then, the
display controller 8 controls to display a second measurement
marker 630 1n a position on the tomographic image 620
corresponding to relatively the same position on the real
space as the position of the first measurement marker 610 on
the real space. Consequently, a second major marker 631 1s
displayed in the same position as the position on the real space
of the first major marker 611, on the tomographic image 620.
Similarly, a second minor marker 632 1s displayed in the same
position as the position on the real space of the first minor
marker 612, on the tomographic image 620.

Then, the measuring part 10 receives coordinate informa-
tion representing the position on the real space of the first
measurement marker 610 from the display controller 8, and
obtains the distance between the first major marker 611 and
the first minor marker 612 as the measurement value.

The display controller 8 controls to display the measure-
ment value 1n the display field B of the display 12.

Thus, the ultrasound 1maging apparatus 1 according to the
present embodiment simultaneously displays a plurality of
ultrasound 1mages side by side and displays measurement
markers 1n relatively the same positions on the plurality of
ultrasound 1mages, respectively, on the images, whereby the
operator can easily specily the positions corresponding to
cach other on the plurality of images. Consequently, it
becomes possible to measure a measurement target in each of
the corresponding positions on the plurality of ultrasound
images. For example, the ultrasound imaging apparatus
simultaneously displays a body tissue 1image and a harmonic
image side by side, and displays measurement markers in
relatively the same positions on the respective images,
whereby the operator can easily grasp the positional relation
between a lesion part such as tumor and a contrast site. Then,
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it becomes possible to obtain quantitative information of tis-
sue 1n relatively the same positions on the body tissue 1mage
and the harmonic 1mage.

(Image Processor 14)

Next, the image processor 14 will be described. The image
processor 14 includes a reference-image generator 15 and a
tracking part 16. The image processor 14 executes pattern
matching on a plurality of ultrasound 1mage data acquired at
different times, thereby obtaining the position of tissue of a
specified range including a position where the measurement
marker 1s superimposed, in each of the plurality of image
data. Thus, the image processor 14 tracks at times the position
of the measurement marker designated on a certain ultra-
sound 1mage. The 1mage processor 14 1s equivalent to an
“1mage processor’” of the present invention. The ultrasound
imaging apparatus 1 may be configured not to include the
1image processor 14.

In the case of tracking the position of the measurement
marker, the ultrasound 1imaging apparatus 1 can include the
image processor 14. The reference-image generator 15 and
the tracking part 16 will be described below.
(Reference-Image Generator 15)

The reference-image generator 15 receives coordinate
information representing the position of a measurement
marker on an ultrasound image from the display controller 8.
Moreover, the reference-image generator 13 reads ultrasound
image data acquired at each time from the image storage 7.

Then, the reference-image generator 15 generates 1mage
data representing tissue of a specified range including the
position of the measurement marker as reference-image data,
based on ultrasound 1mage data 1n which the measurement
marker 1s set. For example, the reference-image generator 15
sets a rectangularly-shaped range including the position of
the measurement marker and having a specified size, and
generates reference-image data representing tissue in the
rectangularly-shaped range from the ultrasound 1mage data in
which the measurement marker 1s set.

(Tracking Part 16)

The tracking part 16 executes pattern matching on the
reference-image data and the ultrasound 1image data acquired
at each time, thereby specifying the position of the tissue of
the specified range represented 1in the reference-image data, in
cach of the plurality of ultrasound 1image data. By specitying
the position of the tissue of the specified range 1n this manner,
the tracking part 16 specifies the position of the measurement
marker 1 each of the plurality of ultrasound image data.
Thus, the tracking part 16 tracks the position of the measure-
ment marker at times. As the pattern matching, for example,
the template matching method (the block matching method)
can be used. To be specific, the tracking part 16 obtains a
subtraction between a reference image and an ultrasound
image, and obtains a position with the least subtraction,
thereby tracking the position of the measurement marker.

The tracking part 16 outputs coordinate information rep-
resenting the position of the measurement marker at each time
to the display controller 8.

The display controller 8 reads ultrasound image data
acquired at each time from the image storage 7, and causes the
display 12 to display the measurement marker at each time 1n
a state superimposed on the ultrasound 1mage acquired at
cach time.

By tracking the position of the measurement marker as
described above, even i a measurement target 1s moved and
the position thereof 1s changed by breathing or beating of a
patient, the measurement marker designated by the operator
automatically follows the measurement target and keeps des-
ignating the measurement target.
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As an example, a case of simultaneously displaying a body
tissue 1mage generated based on fundamental waves and a
harmonic 1image generated based on harmonic waves side by
side and setting measurement markers on both the images will
be described with reference to FIGS. 15 and 16. FIGS. 15 and
16 arc views showing an example of a screen displaying the
measurement markers on a screen displaying the body tissue
image and the harmonic 1image side by side.

As shown 1 FIG. 15, the display controller 8 controls to
simultaneously display a body tissue 1mage 710 based on
fundamental waves and a harmonic image 700 based on har-
monic waves side by side on the display 12. A tumor 711 1s
shown on the body tissue 1mage 710, and a tumor 701 1s
shown on the harmonic 1mage 700. As described above, the
operator moves the measurement marker to a desired position
by using the operation part 13. As an example, a circularly-
shaped measurement marker 1s used. The display controller 8
causes the display 12 to display a circularly-shaped first mea-
surement marker 712 on the body tissue 1mage 710. As
described above, the display controller 8 controls to display
the first measurement marker 712 and a second measurement
marker 702 1n relatively the same positions on the body tissue
image 710 and the harmonic image 700. The operator moves
the first measurement marker 712 to a desired position by
using the operations part 13, and changes the size of the
marker to an arbitrary size. For example, by using the opera-
tion part 13, the operator moves the first measurement marker
712 to the position of the tumor 711, changes the size of the
first measurement marker 712, and surrounds the tumor 711
by the first measurement marker 712. The display controller 8
causes the display 12 to display the first measurement marker
712 surrounding the tumor 711 1n accordance with the move-
ment amount outputted from the operation part 13.

Moreover, the display controller 8 controls to display the
second measurement marker 702 1n relatively the same posi-
tion as the first measurement maker 712.

As described above, when the position of a tumor 1s des-
ignated by the first measurement maker 712, coordinate infor-
mation representing the position of the first measurement
marker 712 on the body tissue 1image 710 1s outputted to the
reference-image generator 15. The reference-image genera-
tor 15 generates reference-image data representing tissue of a
speciflied range including the position of the first measure-
ment marker 712, based on body tissue image data in which
the first measurement marker 712 1s set. A body tissue image
has higher visibility than a harmonic 1image, and shows little
change in 1mage even if a contrast agent flows 1n. Before a
contrast agent 1s njected 1nto the subject, the morphology of
tissue 1s not shown 1n a harmonic 1image. Accordingly, a body
tissue 1mage 1s more suitable for pattern matching than a
harmonic image, and therefore, reference-image data 1s gen-
erated from body tissue 1mage data.

The tracking part 16 reads the body tissue image data
acquired at each time, from the image storage 7. Then, the
tracking part 16 executes pattern matching on the reference-
image data and the body tissue image data acquired at each
time, thereby specitying the position of tissue of a specified
range represented 1n the reference-image data, in the body
tissue 1mage data at each time. Thus, by specifying the posi-
tion of tissue of a specified range, the tracking part 16 speci-
fies the position of the first measurement marker 712 in each
ol a plurality of body tissue 1mage data.

The tracking part 16 outputs coordinate information rep-
resenting the position of the first measurement marker 712 at
cach time to the display controller 8. The display controller 8
reads the body tissue image data and the harmonic 1image data
that have been acquired at each time, from the 1image storage
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7. The display controller 8 causes the display 12 to simulta-
neously display a body tissue image and a harmonic 1mage
that have been acquired at equal times side by side. Then, in
accordance with the order of acquisition times, the display
controller 8 updates the body tissue 1mage and the harmonic
image that have been acquired at each time, and causes the
display 12 to display. At this moment, the display controller 8
causes the display 12 to display the first measurement marker
712 at each time obtained by the tracking part 16 on the body
tissue 1mage 710 acquired at each time. Besides, the display
controller 8 controls to display the second measurement
marker 702 1n relatively the same position as the first mea-
surement marker 712 on the harmonic image 700 acquired at
cach time. Additionally, the display controller 8 controls to
display the second measurement marker 702 1n relatively the
same position as the first measurement marker 712 on the
harmonic image 700 acquired at each time.

By thus tracking the position of the measurement marker, it
1s possible to specily the position of the tumor shown in the
body tissue 1mage and the position of the contrast agent
shown 1n the harmonic 1image at each time.

Consequently, the operator can easily grasp the positional
relation between the tumor and the contrast agent.

Furthermore, the measuring part 10 recerves coordinate
information of the first measurement marker 712 at each time
from the display controller 8, and obtains the perimeter and
area of the measurement target indicated by the first measure-
ment marker 712 at each time. Then, the display controller 8
causes the display 12 to display the perimeter and area of the
measurement target at each time. By thus tracking the mea-
surement marker by the tracking part 16, 1t becomes possible
to obtain quantitative information of the measurement target
at each time.

Further, as 1n the harmonic image 700 shown 1n FIG. 16,
when the contrast agent injected 1nto the subject tlows into the
vessels, a vessel 703 1n which the contrast agent flows 1s
enhanced and displayed. In the prior art, it 1s difficult to grasp
the positional relation between the tumor 711 shown in the
body tissue 1image 710 and the vessel 703 (the vessel 703
enhanced by the contrast agent) shown in the harmonic image
700. In other words, 1n the conventional art, the measurement
calipers are not displayed 1n relatively the same positions on
the body tissue 1mage 710 and the harmonic image 700, so
that 1t 1s difficult to grasp the positional relation between the
tumor 711 and the vessel 703.

On the contrary, 1n this embodiment, the display controller
8 controls to display the first measurement marker 712 and the
second measurement marker 702 in relatively the same posi-
tions on the body tissue 1mage 710 and the harmonic 1image
700. Consequently, 1t becomes possible to easily grasp the
positional relation between the tumor 711 shown 1n the body
tissue 1image 710 and the vessel 703 (the vessel 703 enhanced
by the contrast agent) shown 1n the harmonic image 700.
(Mesh Measurement Marker)

Further, a mesh measurement marker covering the whole
region of each ultrasound 1mage may be displayed. This mea-
surement marker 1s shown 1n FIG. 17. FIG. 17 1s an example
ol a screen displaying the measurement marker on a screen
displaying two tomographic images side by side.

For example, the display controller 8 causes the display 12
to simultaneously display the body tissue 1image 710 based on
tundamental waves and the harmonic image 700 based on
harmonic waves side by side.

Then, the display controller 8 causes the display 12 to
display a first mesh measurement marker 714 covering the
whole region of the body tissue 1mage 710 on the body tissue
image 710. Similarly, the display controller 8 causes the
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display 12 to display a second mesh measurement marker 704
covering the whole region of the harmonic 1mage 700 on the
harmonic image 700 on the display 12. At this moment, the
display controller 8 controls to display the position of each of
lines forming the mesh of the measurement marker 1n rela-
tively the same positions on the body tissue image 710 and the
harmonic image 700. To be specific, the display controller 8
controls to display the mesh of the first measurement marker
714 on the body tissue 1image 710 and the mesh of the second
measurement marker 704 on the harmonic image 700 1n rela-
tively the same positions on the real space, with reference to
coordinate system on the real space. For example, the display
controller 8 controls to display the mesh of the first measure-
ment marker 714 and the mesh of the second measurement
marker 704 1n the same positions 1in depth and scanning
direction.

As described above, mesh measurement markers covering
the whole regions of images are displayed on the body tissue
image 710 and the harmonic image 700, and further, the
meshes are displayed 1n relatively the same positions on the
body tissue 1image 710 and the harmonic image 700, whereby
the operator can easily grasp the positional relation of a tumor
and a contrast agent with reference to the mesh.

Further, 1n the case of simultaneous display of a harmonic
image and a body tissue image, if the position of the subject or
the ultrasound probe 2 1s displaced, scan with ultrasound
waves will be executed in the displaced position. Conse-
quently, in the harmonic 1image and the body tissue 1mage,
images of sites in the displaced positions are shown. There-
fore, a measurement marker set on each of the harmonic
image and the body tissue 1mage will be set 1n a position
displaced from an 1mtially set position (a desired measure-
ment target) on each of the images. As a result, 1t becomes
difficult to keep designating the desired measurement target
with the measurement marker.

Accordingly, in this embodiment, the display position of
the harmonic image on the display 12 1s corrected depending
on the displacement amount, and the displacement amount 1s
olfset to display the harmonic image, whereby the site shown
in the harmonic 1mage 1s displayed 1n a fixed position on the
display 12. Consequently, even 1 the position of the subject or
the ultrasound probe 2 1s displaced, a state in which the
measurement marker 1s set 1n the mitially set position (the
desired measurement target) 1s maintained.

On the other hand, since the image of the site 1n the dis-
placed position 1s shown 1n the body tissue image, the mea-
surement marker remains set 1n the position displaced from
the mnitially set position (the desired measurement target).

Accordingly, in this embodiment, the display position of
the measurement marker set on the body tissue 1mage 1s
corrected depending on the displacement amount, and the
displacement amount 1s oifset to display the measurement
marker on the body tissue 1image (a first correction method).

Although the image of the site 1n the displaced position 1s
shown 1n the body tissue 1image, the measurement marker 1s
displayed in the display position corrected depending on the
displacement amount, so that a state 1n which the measure-
ment marker 1s set 1n the mitially set position (the desired
measurement target) 1s maintained on the body tissue image.

Alternatively, as 1n the case of the harmonic image, the
display position of the body tissue image on the display 12 1s
corrected depending on the displacement amount and the
displacement amount 1s offset to display the body tissue
image (a second correction method). Consequently, since the
site shown 1n the body tissue 1image 1s displayed 1n a fixed
display position on the display 12, a state 1n which the mea-
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surement marker 1s set 1n the mnitially set position (the desired
measurement target) 1s maintained on the body tissue image.

A specific example of correction of the displacement
amount will be described below with reference to FIGS. 18
and 19. FIGS. 18 and 19 are views showing an example of a
screen displaying a measurement marker on a screen display-
ing a body tissue 1image and a harmonic 1image side by side.
(First Correction Method)

First, the atorementioned first correction method will be
described with reference to FIG. 18.

As shown 1n FIG. 18, the display controller 8 causes the
display 12 to simultaneously display the body tissue image
710 based on fundamental waves and the harmonic 1image
based on harmonic waves side by side. The tumor 711 1s
shown 1n the body tissue 1mage 710. As an example, the
display controller 8 causes the display 12 to display the first
circular measurement marker 712 (a marker indicated by a
broken line) 1n a state superimposed on the body tissue image
710 and display the second circular measurement marker 702
in a state superimposed on the harmonic 1image 700. When a
contrast agent injected into the subject flows 1n, the vessel 703
in which the contrast agent tlows 1s enhanced and displayed
on the harmonic 1image 700.

The display controller 8 controls to display the first mea-
surement marker 712 and the second measurement marker
702 1n relatively the same positions on the body tissue 1mage
710 and the harmonic image 700. For example, in response to
an operator’s instruction, the display controller 8 causes the
display 12 to display the first measurement marker 712 sur-
rounding the tumor 711 on the body tissue 1image 710. More-
over, the display controller 8 causes the display 12 to display
the second measurement marker 702 on the harmonic image
700, 1n relatively the same position as the first measurement
marker 712.

The mmage processor 14 reads harmonic image data
acquired at each time from the 1mage storage 7. Then, the
image processor 14 executes pattern matching on the har-
monic 1image data acquired at each time, thereby specifying
the position of the vessel 703 at each time. That is to say, the
image processor 14 sets the vessel 703 represented 1n the
harmonic image data acquired at each time as a tracking target
to track the position of the vessel 703 at each time by the
pattern matching. The image processor 14 tracks the position
of the vessel 703 represented in the harmonic 1mage data,
thereby detecting the position displacement (the direction and
amount of the position displacement) of the vessel 703 rep-
resented 1n the harmonic image data, and outputting position
displacement information (vector information) representing
the direction and the amount of the position displacement to
the display controller 8. For example, 1n a case that the posi-
tion of the vessel 703 represented 1n the harmonic image data
1s displaced as a result of displacement of the position of a
region scanned with ultrasound waves due to the movement
of the subject, the 1mage processor 14 tracks the position of
the vessel 703 represented 1n the harmonic image data,
thereby detecting the displacement of the position. As a
method of detecting position displacement, for example, the
method described 1n Japanese Unexamined Patent Publica-
tion No. 2007-330764 can be employed.

When recerving the position displacement information
(vector information) from the image processor 14, the display
controller 8 corrects the display position of the harmonic
image 700 in accordance with the position displacement
information, and controls to display on the display 12.

To be specific, the display controller 8 controls to display
the harmonic image 700 1n a display position displaced by the
same distance as the displacement amount in the direction
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opposite to the position displacement direction. Conse-
quently, the position displacement 1s offset, and a site shown
in the harmonic image 700 can be displayed 1n a fixed display
position on the display 12. In this state, the display controller
8 fixes the display position, and causes the display 12 to
display the second measurement marker 702 on the harmonic
image 700. Consequently, the second measurement marker
702 will keep designating the initially set position (the desired
measurement target) on the harmonic image 700.

Further, the display controller 8 corrects the display posi-
tion of the first measurement marker 712 (the marker indi-
cated by the broken line) on the body tissue 1mage 710 1n
accordance with the position displacement information, and
controls to display on the display 12. To be specific, the
display controller 8 controls to display the first measurement
marker 1n a display position displaced by the same distance as
the displacement amount 1n the same direction as the position
displacement direction represented by the position displace-
ment nformation on the body tissue image 710. In the
example shown 1n FIG. 18, the display controller 8 controls to
display a post-correction first measurement marker 712A in a
display position where the pre-correction first measurement
marker 712 (the marker indicated by the broken line) 1s dis-
placed by the same distance as the displacement amount
represented by the position displacement information 1n an
arrow X direction (the same direction as the position displace-
ment direction). Consequently, the post-correction first mea-
surement marker 712 A will keep designating the mitially set
position (the desired measurement target) on the body tissue
image 710.

By the correction process described above, even 1f the
position of the subject or the ultrasound probe 2 1s displaced,
it 15 possible to display the measurement markers in relatively
the same positions on the body tissue 1mage 710 and the
harmonic image 700.

(Second Correction Method)

Next, the aforementioned second correction method waill
be described with reference to FI1G. 19.

As shown 1 FIG. 19, the display controller 8 causes the
display 12 to display the body tissue image 710 based on
fundamental waves (an 1image framed by a broken line) and
the harmonic 1image 700 based on harmonic waves side by
side. The tumor 711 1s shown 1n the body tissue image 710. As
described above, the display controller 8 causes the display
12 to display the first measurement marker 712 surrounding
the tumor 711 on the body tissue image 710 (the image
framed by the broken line), and causes the display 12 to
display the second measurement marker 702 on the harmonic
image 700, 1n relatively the same position as the first mea-
surement marker 712.

As 1n the atorementioned first correction method, the
image processor 14 reads harmonic 1image data acquired at
cach time from the image storage 7.

Then, the image processor 14 executes pattern matching on
the harmonic image data acquired at each time, thereby speci-
tying the position of the vessel 703 at each time. That 1s to say,
the 1mage processor 14 sets the vessel 703 represented 1n the
harmonic 1mage data acquired at each time as a tracking
target, and tracks the position of the vessel 703 at each time by
the pattern matching. The 1image processor 14 tracks the posi-
tion of the vessel 703 represented 1n the harmonic image data,
thereby detecting the position displacement (the direction and
amount of the position displacement) of the vessel 703 rep-
resented 1n the harmonic 1mage data, and outputting position
displacement information (vector information) representing
the direction and the amount of the position displacement to
the display controller 8.
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When receiving the position displacement information
(vector information) from the 1mage processor 14, as in the
alorementioned first correction method, the display control-
ler 8 controls to display the harmonic image 700 1n a display
position displaced by the same distance as the displacement
amount 1n the direction opposite to the position displacement
direction. Consequently, the position displacement 1s offset,
and a site shown 1n the harmonic image 700 can be displayed
in a fixed display position on the display 12. In this state, the
display controller 8 fixes the display position, and causes the
display 12 to display the second measurement marker 702 1n
a state superimposed on the harmonic image 700. Conse-
quently, the second measurement marker 702 will keep des-
ignating the nitially set position (the desired measurement
target) on the harmonic 1mage 700.

Further, the display controller 8 corrects the display posi-
tion of the body tissue 1image 710 (the image framed by the
broken line) in accordance with the position displacement
information, and controls to display on the display 12. To be
specific, the display controller 8 controls to display the body
tissue 1mage in a display position displaced by the same
distance as the displacement amount in the opposite direction
to the position displacement direction represented by the
position displacement information. In the example shown in
FIG. 19, the display controller 8 controls to display a post-
correction body tissue 1mage 710A 1n a display position
where the pre-correction body tissue image 710 (the image
framed by the broken line) 1s displaced by the same distance
as the displacement amount represented by the position dis-
placement information 1n an arrow Y direction (the opposite
direction to the position displacement direction). In this state,
the display controller 8 fixes the display position, and causes
the display 12 to display the first measurement marker 712 in
a state superimposed on the body tissue 1image 710A. Conse-
quently, the first measurement marker 712 will keep desig-
nating the mmtially set position (the desired measurement
target) on the post-correction body tissue image 710A.

By the correction process described above, even 1t the
position of the subject or the ultrasound probe 2 1s displaced,
it 1s possible to display the measurement markers 1n relatively
the same positions on the body tissue image 710 and the
harmonic image 700.

(Display of Previous Image)

The display controller 8 may attach identification informa-
tion representing simultaneous display to a plurality of ultra-
sound 1mage data simultaneously displayed side by side on
the display 12 and cause the image storage 7 to store as
previous 1mage data. In the case of causing the display 12 to
simultaneously display, side by side, a plurality of previous
images based on the previous image data with the identifica-
tion information attached, the display controller 8 causes the
display 12 to display measurement markers in relatively the
same positions on the respective previous images. Thus, 1n the
case of simultaneously displaying a plurality of previous
images side by side, 1t 1s also possible to display the measure-
ment markers 1in relatively the same positions and obtain
quantitative information in corresponding positions.

The display controller 8 may cause the display 12 to dis-
play previous images side by side, or may cause the display 12
to display a previous 1image and an ultrasound 1image acquired
in real time side by side. In the case of simultaneously dis-
playing a plurality of previous images side by side, it 1s
preferred that the display controller 8 causes the display 12 to
display a measurement marker to be operated by the operator
so as to be distinguishable from other measurement markers.
For example, 1t 1s preferred that the display controller 8 causes
the display 12 to display the measurement marker to be oper-
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ated 1n color and size different from those of other measure-
ment markers. Moreover, 1n the case of simultaneously dis-
playing a previous image and an ultrasound 1mage acquired in
real time side by side, 1t 1s preferred to cause the display 12 to
display a measurement marker displayed on the previous
image or the real-time 1mage so as to be distinguishable from
other measurement markers. Consequently, the operator can
differentiate and recognize the previous 1image and the real-
time 1mage from among the plurality of images displayed on
the display 12.

Each of the image generator 6, the display controller 8, the
measuring part 10 and the 1image processor 14 may be com-
posed of a not-shown CPU (Central Processing Unit) and a
not-shown storage device such as a ROM (Read Only
Memory), a RAM (Random Access Memory) and an HDD
(Hard Disk Drive). The storage device stores an i1mage gen-
eration program for executing the function of the 1image gen-
erator 6, a display control program for executing the function
of the display controller 8, a measurement program for
executing the function of the measuring part 10, and an image
processing program for executing the function of the image
processor 14. Moreover, the i1mage processing program
includes a reference-1mage generation program for executing
the function of the reference-image generator 15, and a track-
ing program for executing the function of the tracking part 16.

By execution of the image generation program, the CPU
generates ultrasound 1image data such as tomographic image
data based on signals acquired 1n transmission/reception of
ultrasound waves. Moreover, by execution of a marker gen-
cration program, the CPU generates data representing the
measurement marker. Moreover, by execution of the display
control program, the CPU causes the display 12 to display an
ultrasound 1mage based on ultrasound 1mage data, and fur-
ther, controls to display the measurement marker 1n a state
superimposed on the ultrasound 1mage.

Moreover, by execution of the reference-image generation
program, the CPU generates reference-image data represent-
ing a specified range including a position on which the mea-
surement marker 1s superimposed.

Moreover, by execution of the tracking program, the CPU
specifles the position of the measurement marker in each of
the plurality of ultrasound 1mage data.

(Medical Image Processing Apparatus)

Further, a medical image processing apparatus that simul-
taneously displays a plurality of ultrasound 1mages side by
side may be disposed outside the ultrasound 1maging appa-
ratus. This medical image processing apparatus includes the
alorementioned 1mage storage 7, display controller 8, user
interface (UI) 11, measuring part 10, and image processor 14.
In a case that tracking of the measurement marker i1s not
executed, the image processor 14 may be eliminated from the
medical image processing apparatus. The medical image pro-
cessing apparatus acquires a plurality of ultrasound image
data from the external ultrasound 1maging apparatus, simul-
taneously displays a plurality of ultrasound 1mages side by
side, and displays measurement markers in relatively the
same positions on the respective ultrasound 1mages.

This medical image processing apparatus can also produce
the same actions and effects as the aforementioned ultrasound
imaging apparatus 1.

What 1s claimed 1s:

1. An ultrasound 1maging apparatus, comprising:

an input circuit to recerve user input;

a memory circuit to store a plurality of ultrasound 1mage

data; and
a processing circuit to
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acquire, as the plurality of ultrasound 1mage data, first
and second body tissue 1mage data in which a body
tissue of a subject 1s represented and first and second
contrast agent image data in which a contrast agent 1s
represented, by imaging the subject in which the con-
trast agent 1s injected with ultrasound waves, wherein
the first and second body tissue 1mage data are
acquired at different timings and the first and second
contrast agent 1mage data are acquired at different
timings,
cause a display to display a reference image that1s one of
a first body tissue image based on the first body tissue
image data and a {irst contrast agent image based on
the first contrast agent 1mage data,
cause the display to display a first marker on the refer-
ence 1mage, the first marker having a position and a
shape defined by first input signals recerved by the
input circuit,
cause the display to display, side by side, a second body
tissue 1mage based on the second body tissue 1image
data and a second contrast agent 1mage based on the
second contrast agent image data,
detect a position and a shape of a second marker corre-
sponding to the position and the shape of the first
marker, by comparing the reference image to the sec-
ond body tissue 1mage or the second contrast agent
image, and
cause the display to display the second marker on both
the second body tissue 1mage and the second contrast
agent 1mage 1n a state superimposed respectively, 1n
relatively same positions.
2. The ultrasound 1imaging apparatus according to claim 1,
wherein:
the processing circuit 1s further configured to attach, to the
plurality of ultrasound image data, identification nfor-
mation, and store the plurality of ultrasound 1image data
in the memory circuit,
wherein the processing circuit causes the display to dis-
play, as a second reference image, the other of the first
body tissue image and the first contrast agent image that
1s not the reference image, and causes the display to
display the first markers 1n a state superimposed on the
respective reference images in relatively same positions.
3. The ultrasound 1maging apparatus according to claim 2,
wherein:
the 1input circuit recerves second 1mput signals to move the
first marker to a desired position, and
wherein the processing circuit causes the display to display
the first marker 1n a state superimposed on the respective
reference 1mages, in relatively same positions, and
causes the display to display the first marker so as to be
distinguishable from other displayed markers.
4. The ultrasound 1imaging apparatus according to claim 1,
wherein
the processing circuit causes the display to display the
second markers 1n a state superimposed on the second
body tissue 1mage and the second contrast agent 1image,
respectively, 1n relatively same positions 1n real space.
5. The ultrasound 1imaging apparatus according to claim 4,
wherein the input circuit receives second input signals to
designate one of the second markers displayed on one image
of the second body tissue image and the second contrast agent
image displayed on the display, and to move the designated
marker to a desired position on the one 1mage, and
wherein the processing circuit specifies a position in real
space of the desired position on the one image, and
causes the display to display the second markers 1n a
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state superimposed on the second body tissue 1mage and
the second contrast agent image other than the one
image, in positions corresponding to positions in real
space that are relatively same as the specified position.

6. The ultrasound 1maging apparatus according to claim 1,

wherein

the processing circuit causes the display to display the first
marker having a circular, elliptic, rectangular, mesh-
shaped, triangular, or arbitrary curved shape.

7. The ultrasound 1maging apparatus according to claim 1,
wherein

the processing circuit 1s further configured to cause the

display to display a mesh marker having lines like a
mesh as the first marker so that positions of respective
lines forming the mesh of the mesh marker are superim-
posed on the first body tissue 1image and the first contrast
agent 1image respectively, in relatively same positions.

8. The ultrasound 1maging apparatus according to claim 1,
wherein the processing circuit 1s further configured to obtain
quantitative imnformation of tissue shown 1n the second body
tissue 1image in the position designated by the second marker.

9. A method for displaying an ultrasound 1mage, compris-
ng:

acquiring, as a plurality of ultrasound 1mage data, first and

second body tissue image data 1n which a body tissue of
a subject 1s represented and first and second contrast
agent 1image data in which a contrast agent 1s repre-
sented, by imaging the subject in which the contrast
agent 1s injected with ultrasound waves, wherein the first
and second body tissue 1image data are acquired at dii-
ferent timings and the first and second contrast agent
image data are acquired at different timings;

causing a display to display a reference image that is one of

a first body tissue 1image based on the first body tissue
image data and a first contrast agent image based on the
first contrast agent image data;

causing the display to display a first marker on the refer-

ence 1mage, the first marker having a position and a
shape defined by first input signals received by an input
circuit;

displaying, side by side, a second body tissue 1image based

on the second body tissue image data and a second
contrast agent image based on the second contrast agent
image data;
detecting a position and a shape of a second marker corre-
sponding to the position and the shape of the first marker,
by comparing the reference image to the second body
tissue 1mage or the second contrast agent 1mage; and

causing the display to display the second marker on both
the second body tissue 1mage and the second contrast
agent 1mage 1n a state superimposed, respectively, 1n
relatively same positions.

10. The method for displaying an ultrasound image accord-
ing to claim 9, further comprising attaching, to the plurality of
ultrasound 1mage data, identification information, and storing
the plurality of ultrasound 1mage data into a memory circuit;
and

displaying, as a second reference image, the other of the

first body tissue 1mage and the first contrast agent image
that 1s not the reference 1image, and displaying the first
marker 1n a state superimposed on the reference 1images
in relatively same positions.

11. The method for displaying an ultrasound image accord-
ing to claim 10, further comprising

recerving second mput signals to move the first marker to a

desired position; and
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displaying the first marker 1n a state superimposed on the
reference 1mages 1n relatively same positions, and dis-
play the first marker so as to be distinguishable from
other displayed markers.

12. The method for displaying an ultrasound 1image accord-
ing to claim 9, further comprising:

displaying the second markers 1n a state superimposed on

the second body tissue 1image and the second contrast
agent image, respectively, in relatively same positions 1n
real space.

13. The method for displaying an ultrasound 1image accord-
ing to claim 12, further comprising:

receiving second nput signals to designate one of the sec-

ond markers displayed on one image of the second body
tissue 1mage and the second contrast agent 1image, and
moving the designated marker to a desired position on
the one 1mage; and

speciiying a position inreal space of the desired position on

the one 1mage, and displaying the second markers 1n a
state superimposed on the second body tissue image and
the second contrast agent image other than the one
image, in positions corresponding to positions 1n real
space that are relatively same as the specified position.

14. The method for displaying an ultrasound 1image accord-
ing to claim 9, wherein the step of displaying the first marker
comprises

displaying the first marker having a circular, elliptic, rect-

angular, mesh-shape, triangular, or arbitrary curved
shape.

15. The method for displaying an ultrasound 1image accord-
ing to claim 9, wherein the step of displaying the first marker
COmMprises

displaying a mesh marker having lines like a mesh, wherein

positions of respective lines forming the mesh of the
mesh marker are superimposed on the first body tissue
image and the first contrast agent image, respectively, 1n
relatively same positions.

16. The method for displaying an ultrasound 1image accord-
ing to claim 9, further comprising obtaining quantitative
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information of tissue shown 1n the second body tissue 1mage
in the position designated by the second marker.

17. An ultrasound imaging apparatus, comprising:

an 1input circuit to recerve user input;

a memory circuit to store body tissue 1mage data at first
timing and contrast agent image data at the first timing;
and

a processing circuit to
acquire, as ultrasound 1mage data, body tissue 1mage

data 1n which a body tissue of a subject 1s represented
and contrast agent 1mage data 1n which a contrast
agent 1s represented, by imaging the subject in which
the contrast agent 1s injected with ultrasound waves,
cause a display to display a reference image based on
reference 1mage data that 1s one of body tissue image
data at the first timing and contrast agent image data at
the first timing,
cause the display to display a marker on the reference
image data, the marker having a position and a shape
at the first timing defined by first mput signals
recetved by the mput circuit,
cause the display to display, side by side, a body tissue
image based on the body tissue image data at second
timing and a contrast agent image based on the con-
trast agent image data at the second timing,
detect a position and a shape of the marker at the second
timing that i1s corresponding to the position and the
shape of the marker at the first timing, by comparing
the reference 1mage data at the first timing and the
body tissue 1mage data at the second timing or the
contrast agent 1mage data at the second timing, and
cause the display to display a modified marker having
the position and the shape at the second timing on both
the body tissue image based on the body tissue 1mage
data at the second timing and the contrast agent image
based on the contrast agent image data at the second
timing 1n a state superimposed, respectively, 1n rela-
tively same positions.
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